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2. \Xhen an alternative exists at the eut 
end we meet with the problem of polarity 
also. In the hydroid, TXublarta, an anal- 
ysis of the eonditions leads me to eonelude: 
(1) That the hypothesis of stuffs moving 
in given direetions doesl not explain the 
faets, (2) that the results ean be aeeounted 
for on the ground of the amount of nutri- 
tive substanee present in the pieees, taken 
in eonneetion with the relative eonditions 
of the stem at eaeh level. Furthermore, in 
this ease the stimulus of the water on the 
exposed end, ealling forth hydranth regen- 
eration, is an important faetor in the result. 

3. There is nothing in the phenomena to 
suggest that the old part has a stereometrie 
influenee, . e., a direetive influenee on the 
new part, as the term 'polarity' suggests. 
On the eontrary, tlle in:Suenee is largely 
eentripetal in direetion, so far as there is 
any question of direetion involved. 

4. An analysis of the eonditions present 
in lateral regeneration in planarians sug- 
gests that at least three separate faetors 
are tol be reeognized in the ehanges that 
take plaee. I have put these faetors into 
the eategories of ( a ) totipotenee, ( b ) 
heterotropy and (c) organization. 

5. The ends of the old organs have also 
an in:Suenee on the regeneration, but a less 
important one in some eases than those 
Just mentioned. 

6. The same factors are also present in 
anjtero-posterior retgeneration in whieh an 
alternatixTe is present. When no alterna- 
tive exists the totipotenee has eertain 
limitations, whieh depends, however, on 
the speeial eombination of tissues in the 
new part, rather than on any limitations 
in eaGh group of eells. 

7. The organizing prineiple aets on the 
new and old part as a who1,e and determines 
the relative arrangement and proportions 
of the new organs. 

T. H. MORGAN. 
COLUM B 1A UN:1vERSITY. 
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mosa la DEV1NJLOPMENT IN THE A NNELID 
EGG.* 

OUR general interpretation of the prob- 
lem of development has been somewhat 
prejudieed by the faet that so mueh of the 
earlier experimental work dealt with sueh 
eggs as those of eehinoderms, medusse, 
Anw?7ttoxts or the nemertines, where any 
one of the Srslt two or four eells may pro- 
duee a perfeet dwarf embryo; for sueh 
eases seem at first slight to be irreeoneilably 
opposed to any theory of definite pre- 
loealization or mosaie development. The 
eollapse of the Roux-Weismann theory of 
diSerentia.tion by qualitative nuelear divi- 
sion diseredited for a time the whole 
mosaie theory; but more reeent experi- 
mental work, espeeially oln the eggs of 
etenophores and mollusks, promises to re- 
establish it on a new basis. In the eourse 
of the past year I have been able to show 
experimentally that the development of 
mollusks (DerLtalturn, Patella) eonforms in 
its main features to the mosaie prineiple, 
and, furthermore, that the eleavage mosaie 
is foreshadowed by a very deSnite original 
pre-loealization of speeifie protoplasmie 
materials in the undivided egg. During 
the past summer I have had an opportunity 
to extend these observations in some meas- 
ure to the egg of an aNnnelid, where the 
same general prineiple has been found to 
hold true. 

The development of the annelids presents 
the problem inla very elear-eut form, sinee 
from the Srst eleavage onward the prin- 
eipal material of the segmented trunk- 
region lies in the posterior eell of the em- 
bryo, and this eell is in most speeies some- 
what larger than the anterior, and hence 
lYlay be immediately identiZed. The ex- 
periments here reported eonsist in a eom- 
parison of the development of the isolated 
posterior eell of the tSwo-eell stage with 

* Read before the National Academy of Sci- 
ences, November 16, 1904. 
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that of the isolated anterior eell, espeeially 
in the genus lanmce) whieh I have found 
the most favorable egg for operation of all 
the many forms testeod. While the number 
of sueeessful operations has been rather 
small, they hasve given a very definite re- 
sult, and one that is in its main features in 
agreement with the one earlier obtained 
in the eggs of the mollusk Dentalturn. 
When either eell of the two-eell stage is 
destroyed, the remaining cell segments as 
if it still formed a part of an entire em 
bryo. The later development of the two 
tells differs in an essential respect, and in 
aeGordanee with what we should expect 
from a study of the normal development. 
The posterior cell develops into a seg- 
mented larva with a prototroch, an asym- 
metrical pre-trochal - or head region, and a 
nearly typical metameric seta bearing 
trunk region, the active movements of 
which show that the muscles are normally 
developed. The pre-trochal or head-region 
bears an apical organ, but is more or less 
asymmetrical, and, in every case observed, 
but a single eye was present, whereas the 
normal larva has two symmetrically placed 
eyes. The development of the. anterior 
cell contrasts sharply with that of the pos- 
terior. This embryo likewise produces a 
prototroch and a. pre-trochal region, with 
an apical organ, but produces no post- 
trochal region, develops no trllnk or setee, 
and does not become metameric. Except 
£or the presence of an apical organ, these 
anterior embryos are similar in their gen- 
eral features to the corresponding ones ob- 
tained in Dentaltq6n. None of the indi- 
vidua]s observed developed a definite eye, 
though one of them bore a somewhat vague 
pigment spat. 

This result shows that fr.om the beginning 
of development the material for the trunk 
region is mainly loealized in the posterior 
eell; and, furthermore, that this material 
is essential for the development of the 

metameric strueture. The development of 
this animal is, therefore, to this estent at 
least, a mosaic-work from the Srst cleavage 
onward a result that is exactly parallel to 
that which I earlier reached in Dentattxm, 
where I was able to show that the posterior 
eell contains the material for the mesoblast, 
the foot and the shell; while the anterior 
cell lacks this material. I did not succeed 
in determining whether, as in DerLtaltunt, 
this early localization in La?stce preexists 
in the unsegmented egg. The faet that the 
larva from the posterior eell develops but 
a single eye suggests the possibility that 
eath of the first two eells may be already 
specified for the formation of one eye; but 
this interpretation remains doubtful from 
the fact that the larva from the anterior 
cell did not, in the five or six cases ob- 
served, produce any eye. This subject 
remains folq fllrther examination, which I 
hope to be able to carry out hereafter. 

These observations, in connection with 
my preceding ones on the molluscan egg, 
contribute to the growing body of evidence 
that the development both of annelids a;nd 
of mollusks is to be regarded as a mosaic- 
worlt of self-differentiating cells; and, fur- 
ther, that the specific morphogenic factors 
are tonnected in some way with specific 
forms of protoplasm? which I think may 
conveniently be designated as formative 
(perhaps better, ' tnorphoplasmic ' ) stuSs. 
I have endeavored in two recently pub- 
lished papers to show that the same prin 
ciple applies to the eggs of other animals, 
even in such cases as the sea-urchins or 
Agnphioxus where either of the first two 
cells may prodttce a complete embryo. The 
explanation of the difference between the 
two cases appears to be that in the mollusk 
or annelid the cytoplasmic stuffs undergo 
an asymmetrical distribution during the 
first division, while in the sea-urchin or 
An?phtoxus the distribution is symmetrical. 
The division is, therefore, in the first ease 
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SC1EaNTIFIC BOOKS 
Contr1,but1,0X^s to the Study of . the Behav1,or 

of Lowe} Oxbgantsnts. By HERBERT S. 
JE:NNINGS. Published by the Carnegie In- 
stitution of WashinglLon. 1904. 256 pp., 
81 text-figures. 
In the series of papers which make up this 

volume Professor Jennillgs presents results 
which are of fundamental importance for our 
understanding of the behavior of lower organ- 
isms. The titles of the seven papers of the 
volume are as follows: (1) ' Reactions to Heat 
and Cold in the Ciliate Infusoria,' (2) 'Re- 
actions to Light in Ciliates and Flagellates,' 
(3) ' Reactions to Stimuli in (:ertain RotiNera,' 
(dI) ' The Theory of Tropisms,' (S) ' Physiolog- 
ical States as Determining Factors in the Be- 
havior of Lower Organisms,' (6) ' The Move- 
nents and Eteactions of Ameeba,' (7) ' The 
Method of Trial and Error in the Behavior of 
Lower Organisms.' 

For the purposes of this review the papers 
may be separated into three groups. Of 
these the first, which includes the first three 
papers, is devoted primarily to descriptions 
of the modes of reaction of several of the 
lower organisms, and to a discussion of the 
bearing of these reactions upon the 'orien- 
tation theories' of Loeb and Verworn. The 
second group is constituted by the paper on 
Amoeba; in it the author deals in detail, as a 
result of his own observation, with the me- 
chanics of locomotion, modes of reaction and 
psycho-physiology of the organism. Papers 
four, five and seven are included in the tvhird 
group. In addition to presenting several 
points of interpretation, they contain dis- 
cussions of the relations of the author's results 
to the general theory of tropisms. 

I shall now attempt to state briefly the prin- 
cipal points made in each of these three sub- 
ject divisions of the volume. 

In explanation of the directive influence of 
stimuli on the movements of various organ- 
isms Loeb, Verworn and others have proposed 
the so-called orientation theories. 

According to these theories a stimulus which 
acts unequally upon different portions of the 
body causes inequality of contraction in the 

usculature, and thus brings about a turning 
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ualitative, in the seeond ease quantitative 
only, thus giving the immediate possibility 
of the pr(3duetion of two enlbryos from a 
single egg. It appears to me that we find 
here a principle of reeoneiliation between 
the bypothesis of mosaie clevelopment and 
pre-loealization, and the apparently eontra- 
dietory one of non-mosaie or eorrelatlve 
differentiation. The faets show that eaeh 
of these apparently eontradietory hypoth- 
eses eontains an element of truth; that we 
must reeognize in the development of every 
animal the faet of pre-loealization and of 
zBosaie development, but also the faet of 
correlative aetion. The relation between 
these two ean not be predieted, but must be 
determined in eaeh individual ease; for 
the kno.-n facts are already suffieient to 
prove that the segregation of the forma- 
tive stuffs is a proeess that oeeurs at dif- 
ferent periods in different animals. At 
the time of fertilization, aeeordingly, the 
segregation dilSers both in degree and in 
form; and tllese differeneesl have not yet 
been redueed to any general law. 

In eonelusion, I would express the opin- 
zon that, so far as the early stages of de- 
velopment are eoneerned, it is diffieult to 
eseape the hypothesis of formavtive stuffs 
or speeiiSe morphoplasmie substanees, in 
some form. But while this hypothesis 
faeilitates an understanding of the modus 
operadi or imnzediate eauses of differen- 
tiat.ion, it leaves us as mueh as ever in the 
dark as to the loealizing or form-deter- 
mining faetors whieh are responsible for 
the determination of the segregation pat- 
tern. This problem, whieh is essentially 
olle of eerrelative aetion, is not only un- 
solved, bllt suggests the existenee of speeifie 
ener$ies for whieh it is diffieult at present 
to find an analogy outside the fielcl of proto- 
plasmie aetion. 

EDMUND B. WVII,S()N. 
COL UMBIA UNINE1R>SITY. 
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